The binding of lysine model peptides of the type Lys-X-Lys, Lys-X-X-Lys and Lys-X-X-X-Lys (X = different aliphatic and aromatic amino acids) has been studied by equilibrium dialysis. It was shown that the strong electrostatic binding forces generated by protonated amino groups of lysine can be distinguished from the weak forces stemming from neutral and aromatic spacer amino acids. The overall binding strength of the lysine model peptides is modified by these weak binding forces and the apparent binding constants are influenced more by the hydrophobic character of the spacer amino acid side chains than by the chainlength of the spacers.
INTRODUCTION
There is no doubt that salt-like linkages between the negatively charged phosphate groups of the sugar phosphate backbone and the positively charged amino groups of the basic amino acids contribute most to the binding of hi stones to DNA .
However hydrogen bonding between nucleic acid bases and amino acid residues, hydrophobic type interaction of "apolar" amino acid side chains with the DNA surface and intercalation of aromatic amino acids into the DNA helix are also discussed as possible contributors to the overall binding of histones to DNA 2 ' 3 > 4 > 5 > 6 > 7 .
Because of the rather complicated structure of the nudeohistone complex 1>8 some workers have replaced the histonesby amino acids • • « • O r small peptides 3 1 6 , when doing binding studies in order to get models which are easier to interpret. The goal of this type of investigation has been to provide evidence for the contribution of particu-Nucleic Acids Research l a r amino acids, w i t h i n the peptide chain, to the overall binding to DNA.
With this in mind and taking for granted that the attachement of basic peptictes to DNA is mainly by means of the protonated sidechain of the basic amino acids incorporated into the peptide, model peptides have been prepared which consist of a maximum of 5 u n i t s . These are characterized by the general formulas, Lys-X-Lys, Lys-X-X-Lys, and Lys-X-X-X-Lys, where X stands for the amino acids glycine, alanine, leucine and tyrosine. In addition d ilysine and diarginine have been synthesized.
Binding studies between DNA and the model peptides mentioned above are helpful in answering the following questions:
1. Is i t possible to distinquish between the strong e l e c t r o s t a t i c forces of the protonated lysine amino groups and the expectedly weak forces generated by neutral and aromatic amino acids?
2. What influences do varving distances produced by neutral and aromatic amino acid spacers of d i f f e r e n t chain length between the terminal lysine side-chain functional groups, exert on the value of the binding constant?
In order to check i f the base composition and d i s t r i b u t i o n of the DNA used for the binding studies has some influence of the binding constants, we a lso conducted comparative studies with Lys-Ala-Lys and DNA from d i f f e r e n t sources (calf thymus = CT; Micrococcus lysodeictius = ML).
MATERIALS AND METHODS

Peptide synthesis
The peptides used for the binding studies were synthesized by the Merrif i e l d t e c h n i q u e 1 7 ' 1 8 . The amino acid attached last to the peptide was a lways C -labelled so that the r a d i o a c t i v i t y could d i r e c t l y be used to asses the concentration of the free peptide during the binding studies.
Some of the t-butoxycarbonyl-amino acids (Boc-amino acids) used were commercial products (Merck, Darmstadt), others were prepared in our laboratory.
When preparing C -Boc-lysine, 250 uCi of C -L-lysine-HCl, uniformly l a -belled were added to a batch of 30 mM of L-lysine, HC1 (Fluca, Buchs). The
Boc-functionai group was introduced into the amino acid via the azide by 19 means of a pH-stat method .
After removing the completed peptide from the carrier-resin (2 % Styrol-DVP copoiymer, Serva, Heidelberg) with TFA-HBr, the crude peptide preparation was purified on columns charged with Sephadex G-10 (Pharmacia, Uppsala) and ion exchange cellulose (Cellex CM, Bio Rad-Laboratories, Richmond, Cal i f . ) -The peptides were fractionated by means of NaCl-gradients 20 
RESULTS
A number of experiments were carried out on the influence of DNA preparation techniques on the apparent binding constant using ML-DNA and Lys-AlaLys as ligand. It was found that ML-DNA purified by isopycnic centrifugation yielded somewhat higher binding constants than phenol extracted ML-DNA. Differences between high molecular and sonicated DNA could not be detected. To avoid differences due to preparatiwi techniques, only high molecular CT-DNA purified by phenol extraction was used for further experiments. To check if the base composition of the CT-and ML-DNA affected the binding constants, binding experiments between Lys-Ala-Lys, Lys-Tyr-Lys, and LysLys on the one hand and ML-and CT-DNA on the other were carried out. No significant variation in binding constants could be found. Table 1 . Some representative Scatchard plots (Lys-Lys, Arg-Arg, and Lys-Tyr-Lys) are given in Fig. 1.  Fig. 1 shows that the Scatchard plot yielded straight lines. The results presented in Table 1 allow the following interpretations:
All of the binding constants a«d n-values obtained from the experiments with CT-DNA and various peptides are listed in
1. By comparing the binding constants of dilysine, Lys-Ala-Lys, Lys-(Ala) 2 -Lys and Lys-(Ala) 3 -Lys, which are practically the same (K = 3.0 mM" ), it can be concluded that the distance between the e-NH, + -groups of the terminating lysine residues has no influence on the binding strength of these peptides to DNA. Considering our experimental conditions (pH 6.0), there is no doubt that the a-amino group of our model peptides is completely protonated and thus is likely to be involved in bond formation. However, binding data do not permit any conclusion on how many electrostatic bonds participate and whether or not the a-amino-group is involved in binding. Since poly A and DNA differ as regards to their secondary structures drawing analogies concerning bond formation may not be feasible.
As already mentioned diarginine binds much stronger to DNA than dilysine. This is in accordance with respective concepts and other experimental 39 40 evidence ' . Most of the investigations dealing with the weak non ionic interactions directed their special concern to the aromatic amino acids ' 4,5,6,7 From the wQrk of Se11ini et a i . In the literature very little data could be found concerning the participation of the non aromatic amino acids in the binding to DNA. Gabbay et al.
have presented extensive lists of binding constants of di-and tri-peptide amides but from their data one can conclude only that the amino acid sequence of the peptide has some influence on the binding strength. The experiments in this paper indicate that glycine within the peptide chain does enhance the binding strength as compared to alanine and leucine. This is probably due to shielding of the peptide bond by the side chain of ala-nine and leucine which does not exist with the glycine residue. This is supported by results of Arfman et a l . 3 7 . Their binding studies in which 5 1 GMP and lysine copolypeptides with different amino acids residue incorporated were used, revealed that the highest binding constants were for the lysine-glycine copolymer. The melting profiles established by Novak and Dohnal with complexes of DNA and tyrosine-glycine peptides of varying glycine content also give some hint that glycine is involved in binding to DNA.
Taking into consideration the results of all the binding studies discussed, i t can be concluded that the binding strength of lysine oligopeptides is significantly modified by intermediary neutral or aromatic amino acid residues. It seems that the more or less hydrophobic character of the spacer amino acid side chain is more important to binding than the varying chain length.
